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26. March 1995

OML

hcarina aid usen. cal' oWnClt'S. hospitals. airports. medic::al equipment supplieR.
consumer protectioo aaeacies. etc.. 1 also wish to advice you that it is ClOnsidered
inaccurate for Wirel... Communie:atioos COUDCiI to single out GSM as a potential
interferer. as all analogue and diaital radiotnmsmiasioo staDdards can infll1eace the
fbnetiOl1 of electronic dmees htcludina. but nat limited to AM. FM, AMPS.
COMA '" D-AMPS. It must also be t'CCOIPlizod that mIlD)' d1&ital radio
transmittiDg systems. including D-AMPS. utilizo the exact sarno radio access
method as GSM. Time Dlvisioa Multiple Access (TDMA).

A. I have a badcgrouDd not only as a scieotifio tc1ocommUDicatiOM raean:h
expert, but also as a dewIopmeot manager' for the hearins aid industry. I am
CODJIist.eatly advisiDg both industric:s in the development ofnew moduiatiOD
technoloaic. and EMC compatibility test methods. A complete copy ofmy
research can be obtained upon request at facsimile Dumber + 45 4S 76 99 83.

With copy of letter to:
The Honorable Senator Trent Lou
The Honorable Senator Bob Packwood
Baker &; Hostetler. Mr. Ouy Vander lagt

S~ly.

d4~~
Ole M.rk Lauridsen
COf7HWW" Dlrw:1Dr R&D

Pro/'UMW. M&:. B.B.

....... ,...
tJ K.wt•• ,.1.

IOOOArtl.. O
Dcmwtc
TeL: + ~T1T1
FIIIC + 33 11 sa

.. L.".... AIJ6 2
2110 H«ctIoIIn
Dc"~
Tel.: +41 .. 1......
FIIlC + .... 7•• 13



2'



.... '

• • • •

._---~---_._--------._-_._---

~ De'ful\1obil

ThQ~as l. Whee'~r
Pr~~;dent ard ~EO

PORr.faen [nou~try Association
lZSC (nnneC~~tul AVE. NW
'Suite 200

StephGn W~n1g. TZ~'6

rei; 06151/652-1Z&. ra~~ U5151/B52-728
29. Jun i 1995

Oeir Mr. W~eel~f.

411 • ..~ ....

r uod~r,t~"d that t~~ carriers A"d minuf.c~urer5 of LMe wireless
industry 1M ~nrt~ A~ri~a dr~ sponsoring re$ear~h a~ the U~lv.r5it~ of
Ok'aho~" C.~~gr ·or the StUDY of W1re1ess (le~tro••q"*t;c CONpB~1b1'1ty
on t~e p~tent1al fUf l~terrer@nc~ fram varl0US digl~nl technalo~1es to
hearIng 1~~Lru~ent$.

Although th~ digital teC""Glaai •• ~nder c~nlidir~tion ~~r dB~loY~cnt fn
tne U~lt«d St.t~s differ somewhat from the techncloiY ~. h.v. deplq,yed.
we are ple.~ed to prQV1d~ ~h. fol1owint fnforrn.tion on Cur ~per.t1"9

~xperi."r.~ with GSH te~h"ology 1n Germ4ny.

We h_V8 been providing GSM ~~r.f~. in th8 900 Mhz rr~que"cY band s1nce
JU17 1Qq~. We ~urrently prdv1d~ ,ervice to 1.1 .fll. ~USLO~~S. To dlte.
we hne reC@lvp.d no ,.~P",.tli llf 1nterferel1te to hearing .Idl 10rm aurGS"
ph(/nEls.

1 hGpe tn1~ 1ntormat\on 1s u5eful I~ 7Q~ eV81uato ~h. ~~tur. of
'~t~rdctl~n oe~w~eh v.rfuui dfgital tech"ale9ift~ .n~ hQ4rfng
f nstrullent!. Pluu 1st me ktlQ.. if "e ciln lu: of 1If1.r I/ddH t ona 1
&551:.t.8"C:•.
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'Ibomas:B.WbccIw
Preside;nr IIIldCEO
CeUulat TdGQomrmmi<:ationa lJldustry AssoQation
1250 Coancoticut A-w=. NW
S~200

Wami~OC2om6

I I1D&naIDd dUI& the~..,p.mmufMhllet:s of 1!18 wiralflU hIdwdIy mNOItbA~ are
spClDMdna RIleIIIdlIlt 1beUDiwrsity of ()k'Ipborna CcDIIIJ:. far' Ihe Studyof~~
~ OIl the pgtcDtial for i:DIIrdeaCQQC from vadou diaiJal tcdmoloPs to bsuiDc
~

AJtbaa8b II.- di.&ihd1eCImo1~~CCMlIidGndoa far dep10ymeat ill thr; UIUted:Srar.t dilI"c.r
svmewhM ft<uD dIo ".'nlI1ogy we haw dep1oyed.~~ pleaed .to provide: the tonowiDa
infaaualioa QII our opc:ndiDg~ with GSM taeIulo108Y in F.m1aIld.

We have been poviding GSM scm" ill tho 900 MD. 6equeagy baud &iDee Jmac 1991
(COIDIIIaI'Cia11--- J'a..ac 1992). W. eunCiidly provide~1D 130 000 GSM CUSh.,....... To dac.
we haw moaiwd.Jc...20 I'CpattI ofiarelfCK:tlQ5lD be8d,.1Iids from oar GSM:pboaa. AbDost
all die mparra ot'hPt&lal<:c wae mceived cbJringthe fiDe,.. of~~ III r..ct.
we uve~ wbo are bMringaid weaas..ate qaika plcuecl wkb tbak G8M pI:aooaJ.

I~ thit iafonoaIiaa. is ucful .. you. naJuafB the lUItum of intelactioIl betwec:a vUkwa diaita1
1'Mhnnlogie1lmd he&riag iDstmmIlnts. fleue let me bOw if1M call be at tJDy aMltftmal e-i8&R'WC.

~. Ola.Yi KoIstiDcD
Deputy I>iMdIK

NMT-GSM -.ett_
~ Te1&lphQac~ TtMcom FiDlaad

P.O. Box 98
P!N.aMll HeI&iDki

ad.. -t-3!J3 20401. fa;L -+358 2040 5312-

'I*:V n p' ".ph..
1'.0•... tIIJ6l1~ ",.., +I,t'8»«Jl.~ .....2IHD ~12
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~as E. Wheeler Oefe

President and CEO 1995...06-29
CeD~ Telecomm,~ClltiODS Industry Assoaation
1250 Cono.ec:licuc Ave, NW
S~200
W~DDC20036

I,

Our I'8flItWIce

Pettc:r Bliksrud

IN]'tE.RPl;RBNCE FROM CELLULAR BOIRPMIi.NI
I

~Mr. Wheeler.
i

1uriderstaDdlhl:t 1be~ BDc1 manufacturc!S ofthe wireless industry in North America an:
sJJOhsorina research at the UDivcrity ofOklaboma Ceata' for the Study og Wireless
BleCtrmnagnetic Compabillty on the potential fix interfcrCDCe from varioQ8 diaital teebAologies
to bearing instrw:acuts.

I
I

~ the digital tee.bDoI.oaies 'UJJdeI' c:omidemtion for dcploymem in the United States~
~m!beteohnology we have~ we arc pleased to provide the following
. on oaropcratiD8~ with OSM tedmuloQY in Norway.

I
We have been pmvidiq aSM :scnice in the 900 Mhz ftcqu.c:Dcy band siD£e May 1m~ We
C1.DJnmtly provide aervice to well OWl' 100.000 CUSU>'!'C'I'S. To daIJc- we ba~ receivecl DO specific
rcpmti ofJntc:ttmwce toh~ aim. from our OSM pboaa. In fact, wt! hal'e sublcribers wbo
are hear.ing aid~ aDd are quite pl.-cd '*h thdr GSM phonazs.

I~ this iDfomudioo D usefu1as you~uatethe na1Ure ofhltelBcticm~wriOU* digital
t~logicsand hearin8~. PlllMe let tbe know if"", can be ofany additiooal.

~,
YQUIS fiIi#tfu1ly

~-.. T bilAS

J

I
To MabilM



YVifliCf'n t. Keever : •
~.e.:NI~
~~8n'Ui

w..... been ptMdIng asM serYIae In 1118 800 r.t-tz fnIq'*ICV bend ainae JUy
1812. We clWMnly pnMde ...... 10 morw .... 1 mllkln~ To d8tlI, we
...,. onlY received frrwgaAtIrry • feW~of.,...,.,... trI ......, 0"zed by
our Q8M phan8s. ""'-' iepot1ll tIIMI lID t-1 Mid'" In a WfY gtfIorw.a
mennw.

I hope 1tU wormalion • LIHfLd .. you IWIIIt..re 1M n81Ur8 01 •••1dIon beIwaen
~~c.ctl~...hew'in$ in«um... Ptaas. let me knOw If We can
be at Br1Y BddltJonaI assIsifp,oe.

YOln~.

w.~~_.. -
W.L.~r

I
L

film ....... , • e M:J6U~. GIl~~.T~OlI11/nJ-17Ql

.... '

+49 211 5332703
GEiEH1T SEITEN 01
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Ref: 0321/lmh/ri

28 June 1995

Thomas E Wheeler, Esq
President and CEO
Cellular Telecommunications Industry Association
1250 Connecticut Ave, NW
Suite 200
Washington DC 20036

Dear Mr Wheeler

•
St James Court

Great Park Road

Almondsbury Park

Bradley Stoke

Bristol

BS124QJ

Tel 01454 624600

Fax 01454 618501

I understand that the carriers and manufacturers of the wireless industry in North
America are sponsoring research at the University of Oklahoma Centre for the Study
of Wireless Electromagnetic compatibility on the potential for interference from various
digital technologies to hearing instruments.

Although the digital technologies under consideration for deployment fn the United
States differ somewhat from the technology we have deployed, we are pleased to
provide the following information on our operating experience with GSM technology in
the UK.

We have been providing GSM service in the 1800 Mhz frequency band since April
1994. We currently provide service to around 200,000 customers. To date, we have
received very few reports of interference to hearing aids from our GSM phones. In
fact we have subscribers who are hearing aid wearers and are quite pleased with their
GSM phones.

I hope this information is useful as you evaluate the nature of interaction between
various digital technologies and hearing instruments. Please let me know if we can be
of any additional assistance.

Dr Colin Tucker
Group Director of Operations .........,.....,,,.

SI!'V'C~S lid

Req.,;IP,l!t:lOt+·[e

51 .J~·"e5 (",,"'1 G',-,l' P I" ~:",I

:I''''O'1(1sb,,'~ P-l'k R'.1,1'''' :>1,'-,'

6"~1,', ElS': JU)



Mr Thomas E Wheeler
President and CEO
Cellular Telecommunications Industry Association
1250 Connecticut Ave. NW
Suite 200
Washington DC 20036

6 July 1995

Dear Mr Wheeler

280 II.Ith Road
SLOUGH
S.,kshire
SL'4DX
Telephone 01763 66SOoo
Fax 0'753566010

1 understand that thc carriers and manufacturers of the w~less industry in North America
are sponsoring research at the Univcrsity ofOkJahoma Centre for the Study of Wireless
Electromagnetic Compatibility on the potential for interference from various digital
technoloaics to hearing instruments.

Although the digital technologies under consideration for deployment in the United States
differ somewhat fTom the technology we have deployed. we arc pleased to provide the
following information on our ()peraling experience with GSM technology in the UK.

We have been providing GSM service in the 900 Mhz, frequency band since 1993. We
currently provide $ervice to 65,000 customers. To date. we have received no reports of
interlerence to hearing aids from our GSM phones and only one enquiry. Tn fact, we have
subscribers who are hearing aid wearers and are quite pleased with their GSM phones.

1 hope this infonnation is useful as you evaluatt' the nature of interaction tK;twcm VariOU5

digitallechnologics and hearing instruments. Please let me know if we can be ofany
additional assistance.

Yours sincerely

6) TAJoOOM ~,il" C~~ NIOO l.wff,IMd
,.~.,tHlln8:'lQ=.r,cI N,)1 '4301_

"c>QIlMr..t or'le»
1M 1l0T. ",,,,<1 O'.....jl. Ii~ I 401'.
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pi,... write to "ETSt Editing Ind St.ndlrd, Approvil Dept." It the Iddrl•••hown on the tltll pig•.
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For.word

Thil E1SI TechnicI' ~.port lETRI hll bIen "roduced by the Special Mobile GrouD (SMGI Technical
Committll (TCI of the Europ"n Te'ecommunicltlon. Stlndlrd. Institute (ErSil.

This ETR ,ummari." the work which I'll. b"n conducted, meinlv in the UK, to invlltiglte the
efflct of wlnted radio freQuency trln,millionl from GSM Mobile Stationa (MSl and Ball
Transe,iv,r StltiCl'll (BiS) within thl European dlgit" cillulir tllecommunications syatem (ph.ae 2)
on othlr IQuipm.nt.

Thil ETA i••n Informative docum.nt "Iulting from SMG .tudi•• which 1'1 r,letld to th, Europel"
dlgltll c.lluler telecommunlcltionl Iv,tlm (ph", 2). Thil erR il u.ed to I)ubllih material which i'
of In informative neture, reillting to thl UII or the applicetion of ElS. and il not .uitlble for formal
adoption II 8n ETS.

This ETR corrl,pondl to GSM techniCl1 Iplclficetion, GSM 05.90 "e,.ion 4.2.' .

The Ipecificatlon from which this ETR hi' bIBn derived WI' originally based on CEPT
documentltion, h,ncI the pr••entltlon of thla ETR mlY not b' entirely in accordinci with the
ETSIIPNE ruill.

Reference II mid' within thi. ETA to GSM T.chnlcal S~c:ifie.tlonl lGSM-TSIINOTei.

NOTE:
,

TC·SMG h•• produc,d docum.nU which glv. th. technlc,l .paclflc.tiona for tl'le
implementation of thl Europe.n digital cillular tlilcommunicationi IYltlm.
H"torlcilly, th... docum'''tI nlVI bltn Identified II GSM T.cMicel
Splclflcltion, IGSM-TS). Thl.. TS. "..IY 1'11"1 lubllQulntly blcome I-ETSa
(Ph... 1I, or ETS. (Ph••• 2), whillt othlrl mlY b,coml ETSI Tlchnic.' Rlportl
(ETRs). GSM·TS. ,rl, for Iditori.1 ,.llon., .till referred to In current GSM ETSa.



,.;. I
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1.1. Scope

A con.,d.r,bl. amount of work ha. btln conducted, malnlv in th, UK, to Inv"tig.t. the eHect of
w,nt,d r.dio fr,quency trlnsmi••ionl from GSM MS Ind BTS on otner 'Quipm.nt. Thl. r,port .iml
to .umm.rl.. thl. work Ind to look It the implication. for GSM. Sine. GSM EMC conlider.tlonl
extlnd out.id. th, GSM .ren•• it ,. thought ....ntl.r th.t GSM con.idlr. the imC/lic.tiol'l' of EMC
and prodUCIi thl. report.

, .2 Referenc••

Tnl. ETR incorpor't" bv dlt.d ,nd und.tld r.f.rlnCI, previlloni from other public,tionl. Th••,
normative reflr.n~s .r. cltld .t th, Ipproprl.tl pile.. in the t.xt .nO the publicltlon. Ire Ii'ted
h,r"fter. 1I0r d.t,d reflr,ne.., 'UbllQulnt Imendmentl to or revi.ionl of Iny of th.., publicltion.
apply to this ETR only When incorpor.ted in it by .mendment or revi.lon. For undlted ref,renc."
the I.tl.t edition of th, public.tlon r,f,rred to Ipplie•.

(1) 89/338/EEC: 'Councll Dlrectiv, on thl approximltion of the lewl of tne
Member Statl. rll.ting to .'.ctrom.gntt'c comJ).tlblllty" .

(2) EN 60082·1 (19921: "Electromlgnltlc compltibility - Glnerlc immunity
,tlndlrd. Plrt ,: Re,identlll, commercill Il'Id light indu'try".

[31 IEC B01-3, (19841: "Immunity to r.dllted, ridio freQuency, ,'eetrom.gnetlc
field," "

(4) GSM 01.04 (ETA 100): "Europlln digit., Cillulir tel.communlCltion Iy.tem
(Ph." 2); Definition" abbrlVl'tlon. Ind Icronym.".

r51 DTI/AA: "A .umm.rl"d "port on m,"uremel'lt technlQu•• used to
Inv"tiglltl potentl,1 interf,renci from new digltll.y.t.m,·

Ie) INIAC (18881: "Guldelln" on limit. of expoaurl to rldlofr'Quency
electrom.gnetlc field. in the frequency r.ng. 100kHz to 300 GHz"

(7) NRPB (1988): "Guidance II to r'*frictlonl on ,xpo,ure. to tim, v.rylng
ellctromlgnetic filidl and the , eaa recommendltlon. of thl Intlmltlon
Non-Ionizing Aldiation CommlttH"

rB) IEEE C95.1 (1991): "IEEE .tlnd.rd for .If.tY l,vII. with r"pOler to
humin expo,uTI to rldio frequlncy I"etrom.gnetlc fl,'d" 4 kHz to 300
GHz"

[9] Dr,ft DIN VOE 0848 Part 2 (1991): "S.fetY in e'lctromignetic field.;
protection 01 perlon. In the fr.quency ring, from 30 kHz to 300 GHz"

2. Information IVlnlble

A number of EuroPlln org.nllatlon. hlv, conductld ,xten.lvllnv"tig.tion.lnto GSM EMC. Th."
;nveatlo.tlorii lookld at the potlnti., of I OSM trln.mlllion to Int.rllrl with I wldl rlngl of
118ctric" Ipptratul. Hlying conduct.d both obJectiye Ind lubj.ctive inv"tlg'tion,. It w..
dl.coyer.d that pe"onal ludlo equipment (1.'1. Wllkmln.) Ind hearing .Id. wlr. mo.t .u,ceptibl.
Ind mo,t liklly to be in cloll prolCimity to GSM ,pp.retu•.

Of th". two tvI''' of _pp.rltu., heerin; ald. were con.lderld th, OTlltl.t potentill probllm .nd
thu. a con.idlrlble .mount of mod8111ng work WI' conducted In order to ...... thl IIklly incidlnCI
of interference In verioul .cenerio•.

Intlrference with plcl-mlk.r, WI' con,idered of utmolt ..rlou.n... Ind conllQUlntly teat. were
mlde to Invlltigttl thl pOlllbliity of Intlrfering with c:,rt.in type•.
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3. Clu.e of pot.ntlll EMC interference

Th. 'OlJret of GSM Interier,nc. I. the 100% .mplitud. modullt.d RF ,nv.'op. Introduced bV burtt
trlnlmlilion n.c....ry for TDMA. Audio IPPlrltu. hiving 10m. non-Iin.er comJ'onent 'bll to
demodul.t' thil AM ."v.lop, will bl .ubject to intertlrlne. in the Iudlo p...·b.nd .inc. the fr.me
end burlt rltll tor GSM Irl 220 Hz end '.7 kHz.

Aneth'r loure. of interftrenet I. thl DTX IDI.continuou. Tranlml..lon) moete of oplt.tlon In OSM.
In the OTX modt there Ire two Ilgnl' componlntl with much lower f"Quenci" the" th' norm,I
GSM trln.minion; I eomponlm with. f"qu.ncy of 2.1 Hz eorrllpondil'lg to tn, trlnlml"lon of
th' B timlliot. of the SID (Signl' Descriptor) m....g. block, end ,noth.r with' freClUenl:Y of B.3
I-lz corr••pondlng to th, rlp.tltlon r.t. ot SACCH.

4.1 H.ltlnl Iidl

Objectivi l,boretory rllultl from the United Kingdom, Olp.rtment of Tr'de .nd IndUltrv.
Rldiocommunlc.tions Ag.ncy 10TI/RA) (5) .howed thet • tvplc.' "blhlnd the e.r" heeri"g "d in
normII (Impllfying) modi w.. ,ule.ptlble to pe.k GSM fl.ld inlenlitill of;

b.twI'" , 0 VIm Ind 17 VIm in order to product thl leml ludio power" .pllch. 0.5
m in front Of thl hllring tid, Ind
between 5 VIm end 8.5 VIm to product ",udlble,ilightly a"noylng" intert.renc•.

It wa. noted th't the group of h,.ring lid. ttlt.d ,howtd • 4 dB .pr,.d in IUleeptibility in the
normll mod, Ind I 13 dB .pr,.d 11'1 IUlclptibility In tj" Inductivi loop Mode.

SubJectivl inveltlg,tlon conduct.d It BTRI. with thl hllring lid worn by thl Ullr Ihowed thllt
",udible. llightly In"oying" intarltrlnce wei plrcelv.d whtn lubjeer to • peak filld Int,nlity
vlrvlng bttWlln '0 VIm .nd 4 VIm depending upon the orilntetlon of th, hlld. Thl, WII modlllid
by , peek fi,ld Intln.lry of 10 V1m for I 2700 Ire Ind 4 V1m tor thl 900 Ire not Ihillded by the
h,ed inflrrlng In 8 dB IttenUltlon providld by tht ",..d. Thil dlrlctlonll .UIClptlblilry corrllPondl
to In Iverlg. of IUS V1m Ind thY' Igre.. with the OTI/RA objtctivi r..ultl.

Th,.. rllultl WI,. lub"Qulntlyulld tor modallin; Ictivltl.. to I..... the conllqu.nc:et of thll
.ulelptlbllity in varioul leen.rio.. It Ihould be noted thlt thl .ulc.ptlbllltv witnout "Ied
Ittlnultion uatd in thl modal (4 VIm) II lomewhlt worll thin the DTI ml..Urtmentl (5 VIm· 8.5
VIm) and thu. the modlmng riluitl will be Vlry much worlt c....

It WI' found thlt mtt.lli,ing the hllring ,id CII' rtdueed thl .ulclptibility with no heed
att,nUltion from 4 V1m to , 2 V1m 110 dBI.

Llborltorv mellur.mentl h.ve been elrri'd out .1.0 in Au.t"li. by TI/,com R,..erchL.boratorie.
Ind Netlon,' ACCJUItII:" t;lboi Ilorln . fA""...-Ft. m t.....·"'''I''''''''''' \he tialc1.autllgbt. laval
cluling u..ful -Innov.nct" thrllhold Ilvll ot 10 dB .bovl thl noi.. floor of th, hllrin; lid. WII
me••ured Ind then complred to miliurad field Itrtngh of 2 W tl'ld 8 W GSM MS to dttermine tha
di,tanctl white the thrllholcl Ilvll. een be I.peerld. SOth blhlnd·th,·e,r and In·th.-e.r type
hl.rlng .id. Wlrt' m...urtd, thl former onll both with microphone input and t,lecoil Input. Thl
rflultl arl ahown below.
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I-IlIrlng lid type Filld 'trenght for notlcabl. Intlrf,r,nce Dllt,no, for noticlble interference

2WMS eWMS

Behind the .Ir,
mierophon. inpu' 0.7- 3.1 Vim 2.0- 10m 3.5·20 m
"hind the.,r,
tellcoll input 0.4 - 4.9 VIm '.5 - 20 m 2.5·40 m
In the I,r 4.9 • 32.3 VIm 0.2 - o.e m 0.4·1.5 m

Tlbll 1. Fi'ld Itrln;ht Ind "'Itv dlltlno.. for notlcltbl, interferencll.

Notl 1: The diltinci. In Tlble 1 can not be complrld directly with tl1011 in Tlble 2
bacauH Tlbl, 1 di.tlnc,. ar. Ipproxlmlt' r.,I-life dlltlne.. wher... Tabl' 2 il
billd on theory.

In O,nm.rk I Itudy initilted by thl Dll'li'h minlltery of communiCltlon. 1'1.1 be,n Clrried out
reoently. Thl r..ult. of the .tudy Ife in I r.port ~lntlrf,r.nce to hllrlng lidl clluJld by GSM
mobil, telephon..~. Following Irl tnl mlln conclUlion. of thl report .

• 10 fir the,. hlVI not bltn rnlny ectull IXlmpl.. of int,rf,r,nci but it mUlt be for....n thlt In 3 
4 Vllr. thlre will be frequlnt reportl of interf'~lncl to hllr;ng Iidl occllioned by GSM
~~" '

- it il Intleipltld thlt exilting hlerlng lidI will be repilcid by nlw mod,l, with genlrlily grelter
Immunity to GSM lignlll; In Iny event, in 5 • 7 Yllrl the ri.k of Int,rf."noe .hould hi'"
dimlnl.hed ,ignificlntly

- lolution, to d.eT.... th. Imount of int.rf,rence bal.d on GSM IYltem will .ither hlv, I highly
limltld Iffect (tranlmltter power regulltlon) or will bl finanellllv unfe..lbl. (e.1I 'ize
optlmilltlon)

. lolution, balld on dllig" ching.. to htlring lid. will glnerilly bl pOllibl. end mUlt offer
Immunity ,,,einlt Ilgnll Itrlngth. of up to 10 VIm; lome hllrlng eida ulld todey elready
I,ti.fy "qulrlmenta Ind future modl'l will be Ibll to bl '0 eon'tructld II to milt thlm too;
de.ignlng I new helring lid with the requi,lt"'vel of Immunity would Incr.... prieta .pproJC.
OKK 100 plr unit, which i. I 4 • 7 9f, Inerll.. to I current price of I he.ring lid

Work WII clrrled out by CSELT 'tlly to invI.tigltl the Iff,ct. of GSM tYpebur.t .tructUri on
clrdile Plcl·mlkl,. IAnnex DJ. Unipollr end blpO'lr tYpe. from one mlnufletur'r wire tlltld. The
rllult. Ihow th.t, Ilthough it Wi' polllblt to int.rf,rl wIth p.c~m.k't operltlon in frn .pICI. It
wn not"oll'tJlwi frittT tn.~ .I'O'WI' UNO, 10~•.wiU\. DperltlDn \llhan the. pace-mlker,
llid. 11'10 ,I.etrod.. war, pllCld In I phlntom ,Imulltin; ,.lliltlc UII In thl humIn body. The
equivllint mlximum fliid Itrength ulld for thil tilt would not normilly be IlCClldtd It furth.r ttlln
0.6 m IWIY from Inv Illowid GSM trln,mittlr IXClpt the mlxlmum powlr bl.. Itltlon. For
informetlon thl field atrength rlQuired to d,fllt the plce-mlk,r in frn aplel WI' In ,.c.., of 40
V1m for the mOlt "",itl"e cl... of Pice-mike,.

Aa there do.. not appllr to b' a probl,m with deflltlng of pace-mlklr operltion by I normal GSM
.ignll, thl rlmllnd,r of thl work done by GSM, end thul the remeinder of thll report, il r••trleted
to leenlriOI for ludibll Interferanci with h..rinG lid•.
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Te.tl carried out by v.rlOUI labotetori•• and cOlltcitd tog.ther by the Radio T,cnnglogy Laboratory
(ATL) of the R.dlocommunication. Ag8ncy (Ann.x EJ .how tnlt for. limited number of d.vice.
und.r t.lt th, c....ne diCk., tilivilion rle,iv,rl end portlblt 'adlo./e....tt. plav,r. ItC. 'r' the
mo't ,u,e,ptibl. dom..tic 'Qulpm.nt with the metn field Intln,iti•• c.ulin; ·vi.,bl./audlblt, but
not aMoVing· interfer.nca bting 2.9, 4.0, tnd 5.6 Vim, "Ipicthilly. For u.mpt, for 8 W MS the
field Itrenght of 4 Vim will b. found .t dilt.nell 1"1 thin 5 m (worlt C'I' ...umlng '00 %
effiel.ney .nd f'H IpIC. pith 10111 al e.n be le.n in T.bl. 1.

This mllrlB thet in prlctlct, due to building att,nUltion ItC., lnttrle"ne. will not Qccur unl,.. the
trln,min'r Ind the victim IQull)m,nt Ir, in tht ••m, room. Thil il likely to occur If the GSM
tlrmin.' i' trlnlport,ble (8 W output power for Inltlnc,).

Studl" on thl GSM interf.rlnci to tne fl.,d network ttl,phone 'Quipment h8ve betn carrlld out In
FrancI, Norway, U.K. end Itlly IAnnlx GI. All the Itudl" highlight thl faet tn.t due to tn, leek of
en internetional Immunity .tlndlrd to th. f1xld n.twork t,l.phonl IQulpm.nt the interference
problem verll. from country to country d.plndlng on the n,tlonll Immunity .tend.rds. The .tudy
clrri.d out In Ftlnce lummlrl.1I th.t no tiliphone .",Iog Iqulpm.nt or .udio t.rmin,1 Cln comply
with. 10 Vim GSM type fl,ld Itr.ngth, .nd hllf of the ttllphon. "'11 tllttd did comply with thl 3
Vim immunitY I,vel, both rllult. deriv.d with ...I.ctld perfOrml"CI crlt"il of ·50 dBmop/1500
Ohm. In traMlmit dirlctlon Ind 50 dBA on rac.lve direction. R.gardlng tn. maximum dilt,nCII for
potential Interf.r.nci the Itudy givil the dlltencel of 10 mltlrl for B W GSM terminal Ind 6
metera for 2 W GSM tlrminl!. Thl U.K. Itudy tlltt thl' 'fix,d "etwork tallphon81 end PBX
equlpmlnt It 3 Vim .nd 10 VIm field Itrengtn. Ind conclude' tn,t In thl U.K. th, v,.t mljorlty of
tellphon" .nd tiliphoni 'Quipment II not lu.c:eptibll at .vln '0 Vim. H,n..., elu. to thl ImmunitY
Itlndlra for fl.,d tiliphonll thl lntlrf.,.nce from GSM termin.I, i. not conlld."d II • mljor
probllm in U.K.. In the Norw.giln study It II lummeri..d that with I 40 dB SIN rltio II I qUllltY
limit Inel with 10 W aSM tr.nlmlttlr 10m IWIIY from • telephone, hllf of thl telll)hon" tIlted
1)1.. the t..t. Al.o, thl .tudv highlightl thl very lergl diff.renci In the ;mmuniti.. of thl flxld
telephon••, thl Immunitiel celcullttd in field Itr.noth bllng from 12.3 VIm to 0.8 Vim, with tne
lime Quality limit Of 40 dB SIN rltio. Thl Itlll.n ttudy u... th, I.ml p... crltttl... tn. Fr.neh
on, 'nd c:onclud.. that out of the tI.tld fixed t.llphonll, only In RF·.hi,lded moel.1 Ind Inoth,r
with e v.rV complct Itructurt rllultld complying with ImmunitY reQuitlm.ntl up to 8 Vim GSM
fi.,d .trength (th.t il 0.8 W GSM emillion It 1 m di.tlncel, while .om. model. did not even
comply with 3 Vim 1i.1. 0.8 W (iSM emlllion It 2 m ditttl'lce).

5. Modelling r..ultl .

A wldl tlng, of aelnerlol were modenld [AnnlxII A .nd BJ to Includ, the poallbl, Intlrference to
hllring eid utlta from bll' It.tionl, mobil...nd hanaportlbl... Not .urprilingly, by fer the high..t
incidinci of Interferenci wa. cluled in crowded urban environments where he.ring lids end
hendportebl, trlnlCllverl Ir' lik.ly to bl In clo•••t proximItY.

Itwa·tound'thtt. "'"'~ .... .,.. ~P5*iePl:a1aacDl'1d&Q1 inurflr.ncl Ivery 8 minutll
whil,t Wilking on a London atrHt Ind would b. lubjtet to I 2.496 "rOblblllty of int.rf.renc, whll,t
trlv.lIlng on • commut.r t"I" for I GSM .v.tlm oc:c:upying 2 x 25 MHI. Furthlr rllultl ,hQwed
th.t with 1'Ml of thl trel" p....ng.,. uling GSM trlnlmltter. (0.1'Ml "revloul'y) .nd In .verage
lu.ceptibilJtv of 4 Vim, the problbllitY of intlrflr.nCI WII 5~. Th..1 modelling "Iultl w.re b..ld
on I .mlll IImple of hllrlng lidl with Immuni1il. in the region of 3 VIm. More rlctnt
ml.IUtlm,ntl h,vI Ihown th.t loml hllr;n; eid., in plrtlcul.r the in-th..lr lid" 1'11'1' lmmunlti,.
up to 30 Vim (... Annex F). Thl. would reduce th... prob.billtill bV e fl~or of 100.

It .hould be notld thlt the mod.llIn; work i. ba..d on frll IPICI path 10111. Th' .ffect of, for
eIClmpll, 1'101'11 in • crowdld tr,in 1'1.. not bt,n m...urld. but in g.n.", It i. exp.~ed thlt the
pr..lnCI of p.opl, or obj,etl b.twlln th. MS .nd the "..ring .id will b. to reduci the Interf.,ence
in mo.t c.....
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It Ihould be noted thlt In the IcenarlOI IXlmin,d .llumed the htlring lid WII e~iv, In the tim•.
CI..rly, there will be in,tlnces where the, Ullr will ,witch off thl lid when not reQuired to
c~mmunlclte.

A further modilling 'ICerell. indi~lted that it Wit unlikelv th.t I htlrlng lid uter will b. Ible to use
GSM h.ndport.bll t.rmin," dUI to the Intlrf,r,nci .ff.ct'.

8. Solution.

The generic immunity 'tlnd.rd, EN 50082·1, produced by CENELEC, canl for Immunity to ,,1=
.'Ictroml;n.tlc field, of 3 VIm, Thi, work h•••hown thit currlnt helring .Id, 1'11"1 Immuniti••
C/OI, to thi, prOPOlld Ilvel Ind thlt • hlndportlbl, GSM tr.n.mlttl' I, li~,'y to pr,••nt , fi"d
.trengt" gr"t,r thin tni, It regular Int,r"ll, in , crowd,d ,nYironment end thu. CIU.. Int,rf,r,nc.
to the hllrin; lid .ullr IAnntx C). Th' Ictuel fi'ld Itrength from I dipolt, .1 ellcul.ted from lEe
801·3:1984, i, ,hown In rlbl, 2 lthe v.lull Ire Ind,pend,nt of frlqu.ncy).

Peak trenlmit GSM MS power Peek fl,ld atrength IV1m)

power IWlttl) ell" 1m 2m 51'1'I

0.8 5 8.3 3.' 1.3

2 4 9.9 6.0 2.0

5 3 15.7 7.8 3.1

8 2 19.8 SUit 4.0

DCS 1800 MS
power ell"

0.25 2 3,5 1.8 0,7

, , 7.0 3.5 1.4

Tlble 2: Clo.e proximitY field Itrength'

A lolutlon to thil pot,ntlll probl,m could bl IchleYed by I combination of incr....d ht"ing aid
Immunltv Ind conltrllntl pllced on thl GSM IVltem in urbln envlronmenta.

Due to the Ukely peek 'Ield Itrength' thlt will b, eICptri.nced from GSM tren.mltt,,. In crowd.d
urbln erl.', It II propo"d thlt thl Immunity of future body worn IpplrltUI, lueh II h..rlng lid.,
'''ould b. increalld to 10 V1m line. thil hi' betn found to lignificlnt1v reduce ttlt problbllity of
GSM'iilttifet"IC.·tthlt\GVlm~ ~_l¥8d.trQlD c.onaidaratianl of frlQuencill around 900 MHz
Ind m.v not bl IPpliclble to frequenel.. Ilvnlficlntly hiVh" or lower thin 900 MHI). Further to
thll, e numtMr of limpl, con,traintl for urtMn GSM 'Vlt,m dllion Ihould bl Idhered to:-

i:Jvnlmlc power control to be implem.nt,d It thl MS II/ch thlt only the minimum
required tran,mlt power il ulld It .n tim.. IBS Interf,rlnce wa. ,hown not to be •
probl.m)

dllCA)ntl"",OUI I,.n,mlilion (DTXI to be impllmlnted whir. polilble

GSM bl" .It, ,nd mobilI PIV phon, ll.g. on ueln) trln.mlt Inttnn" ,hDuld not b,
loclted in elo.. proximity to ell;tricil Ippa,.tul liklly to be IUlc,ptible to tnl, type 0'
interference.
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It is I..umed thet OTX will providl I r,duc.d il"\tlrtlrenCI pot.nti.1 Ilthough thil h'l not been
vetifled.

7. Non-Ionizing r.dl.t1on

Th' mejor IHlet from exposure to AF redlltion il dUI to th. trln,f.r of In.rgy from tht
Ilectromignttic field to biological tlliUtI, r"ulting In I temperlture rile. The hllting i. eluled by
the flet thlt elntre. of negttiv, Ind pOlltlve ehergll do not coinelde In mlny bioiogicil tlllUIi
including wlt.r. The chergl IIp''ltion elU..1 mol,cul.. to o,eiJIlte In • mlcrow,vl field.
gen,riting hl't.

Guid.line l,v,l, for expolure to non·iClnizing RF radlltion hlv. be.n publi,hed by m.nv
orglnliltion, including Non.lonizin" Rldlo Committee (lNIRC) 181, th. UK N.tionll Aldiological
Protlction Board (NRPB) [7), th. Inetltutt of EII~ic.1 Ind IlllOtroniCl Enginn,. (IEEE) [8) Ind the
G.rm.n Electrot.chnlel' Comiliion of DIN Ind VOE (DICE) r;,. rlbl. 3 .howl tne level' of power
dlnelty given by e.ch or"lnilltlon which thly blUtvt will l"lure thlt no h..lth hazard Ixllt•.
Some of the figures given in r.ble 3 Ir' under rtvlew by th. Ibovt orgtnilition•.

Orgtni..tion S.f,ty Ilv.' It 900 MHz (W/m2} SatetY l.v,1 • 1.8 Gf04z (W/m 2}

NAPB 22.5 45
INlflfC 4.5 9
IEEE B.O 12
OKE 4.5 9

Teble 3. Pow.r denllty Ilfetv vlIllu..

Tl'1' difftrenc" in thl flgur" depend on the tim, how Ion; th' victim i. allum.d to be Ixpond by
the radlltlon, .nd I. for the mOlt 'trln;l"t figur., up to 24 hour•• dlY.

When the ..f,ty dlltlne.', which c.n b' derlv,d frol'l'l the .boVI ..ftty l.vel, with .om•
•"umptlonl of the Inte"nl configurationl ulld, h,vt bHn I"rnd by thl IPpropri,t. orglnllatlon,
th.y will b' included In thl, r.port. .

8, Conclu,ion

Extenllve r....reh hll hl"hligtlted I pottntill compltlbllity problem between GSM trln,mitt8r. Ind
body wgm ludlo IPplrltUI; In Plnleul.r h.lrlng lid,. Howev.r, thl, r....rch hll been be..d on •
limited IImpl. of hllring .Id type, of fllrly old d,.ign.

An incrt•••d immunity for future body worn IPPIrIlU., .nforced through th. CDmmunlty', EMC
DirlLC1i'41l (l9/3315/EEC), combined with 10m, urbln cellullr d"ign conltralnt. timid It e".uring thl
minimum trenlmlt power il ,mploy.d Ihould tnlure Incidence, of Intert,renet from CJSM' epptrltu.
i. k.pt to I minimum.

The ,tudie. mlde' hive 'hown thlt the immunity lev.1 of currently ,vlnlble h..ring Iidl mlY not
protect hllring lid. very well from the Intert,r.nc. of GSM phon... AIIO, It hll be,n ,hown th.t
Iner..,ing the Immunity to 10 Vim, I' found pgllibl. bY eimpll hllrln" lid modlflcltlon, will
r.dUeI the prob,bility of Interflrence conlider.blv. Mort reelnt re..erch ha. ,hown lome modern
htlrlng ,idl to hlv, 10 tim., th. Immunity of tht olt:l.r dllign. (in VIm). rhi. would rtduce ttle
int.rtertnct probabiliti•• by a f'ctor of 100.

Conc.tnlng tht dome,tic equipment' It eln be conCluded thlt GSM trln.portlble 8 W mobil,
Itttlon, .r. likely to CIU.. probleml to dome.tic equIpment baing u••d in I domtstic Inv;t01'lm.nt.

Further, It I, recomm.nded thlt the utlr', dltl lIik. u,.r', menual) of the mobile IMould Includ. I
w.rning of the POll/be interftr,ne, ,ffect. of the GSM mobile to the other electronic .qulpment•.
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9. Oth., EMC "pDrt.

CEPT-SE report

CEPT-SE report

ETSI/RES9 pr-IETS

~Summery doeum,nt on tl'l. interfer.nc. to redio end non-redio devices
from TOMA-tVp, tTlnlmi..lonl~
1'he rtport from CEPT gOver, much of the work included in the GSM report
.nd conllde" fMC IUlceptlbllitY of e fer gr'ltlr rlngl of product•. Th,
finding, of the two rlpgrtl ar. IimUir .

'Orlft rtpg" from the ERC within CEPT on thl Implct from ISM ,minic,",
on mobile rldlo "Nlc.. operltlng In the 800 MHz bind-
Thi, report etudl.1 thl pottntill for inttrf'rtnee on GSM .nd other terminll
,qulpment op,rlting in the 800 MHz bind Clu'ed by ISM equipment
(indultrili. Scl,ntific Ind Medical). It IhoWI thlt IPurlou. Iml'llon, from
ISM equlpm,nt Cln d.grldl moblll radio ,,,vice coverage It conliderabl,
dilt.ne...

"EMC Itlndlrd 'gr Rldio Communicltlon equipment Ind anclll.ry
product•.•
Thil Itlndlrd dlfln.. performlnee requir,m.ntt tor redio communiCltlon
eQulpm,nt to meet tl'l. CommunitY dlrectlVl 89/338/EEC. It contalnl
requir,menU for GSM termlnll ,qulpm,nt but do,. not ,ddr,.. the
potentll' ot lntlrf'rtnct with other electronic equlpmlnt luch II hllring
aid. Ind cerdlle plce-maleer•.
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A GSM 19tp1....S' 1IINlcI.

:z2Dd February 1M

J- Short
CeDuiar Radio S,....

IT Labantoriel
0473643954

SU!!!IDIQ.

nus document attemptl 10 fa=ut dz libly ~t of interf=ence to belrinl aid
usm from aSM ttInImitten.

Tbe U.lllDeDt is made throup modl1liDl of dz GSM cellular Iystem in variouJ
JCeDIriol u the syslem maturel from 1991 OftwlJ'da. The po=tial in=!erenc:e in the
indiviclual ICCZIIrios is ~ombined 10 UICI the ICtUI1 inrerfc=nce perceived by tbrouJh
modelliDl of 'days in Ihe life of' hearinllid 111m.

The criUcll inpytl 10 the model. the haria, aid immunities u determined during
extensi~ labDratary =I1inJ.

The report concludes that I hurin, aid URr will experience reJUlar daily int=rl'erence
from OSM rzumtislKm. and this hu been pmriouIly shown to be due to the TDMA nawre
of the Iyltem.
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